Abstract. In this study, the potential of fish scales hydroxyapatite (FsHA) from Tilapia fish scales as reinforced filler in high density polyethylene (HDPE) composite were investigated. The Young's Modulus and impact strength of HDPE/FsHA composites at different FsHA wt% loading were studied. Fourier transform infrared was used to confirm the present of FsHA in the composites. The fracture surfaces of composites were characterized by scanning electron microscope (SEM) analysis. The results obtained indicate that the higher the FsHA filler contents, the higher the Young's modulus and impact strength properties. The SEM analysis also revealed that FsHA particles are well distributed in the HDPE matrix of composite. The composite has high potential for bone replacement applications.
Introduction
Recent demand for bone tissue replacements has dramatically increase in the number due to ageing factor and also traffic accident or bone cancer [1] [2] [3] . It is well established that bone is one example of natural composites which consist of hydroxyapatite (HA) reinforced collagen component [1] . The volume fraction of the HA in mature bone is 0.5 while the Young's modulus is 114 GNm -2 . Stainless steel and alloys are the most commonly used implants for orthopaedic applications. However, their applications as bone replacement has limitation due to their modulus mismatch to cortical bone. Therefore, high density polyethylene (HDPE)/hydroxyapatite (HA) composites has become the best alternative for bone replacements [1] since it has modulus similar to the bones and it can also promote the formation of a biological bond between the implant and host tissue. From that issues, properties of HDPE/HA composites have been studied extensively [2, [3] [4] [5] .
HA with chemical structure Ca 10 (PO 4 ) 6 (OH) 2 that used in commercial HDPE/HA composites are mostly synthesized chemically [6] . However due to costly of chemicals used in the HA syntheses, many researchers nowadays are looking to the natural resources such as animal bones to extract HA. Most common natural HA was from animal bones such as pig and bovine bones. However, due to animal diseases such as mad cow disease and food and mouth disease (FMD) has made this raw materials was restricted. Furthermore, the halal issues was also the main factor that researcher look for other alternatives. Our previous research proved that about 50 %wt FsHA has been produced from fish scales using thermal heating method. It was reported that size of FsHA is in nanosize at about 20 -50 nm [7] .
In this work, the natural HA from fish scales (FsHA) was used as reinforce filler in HDPE/FsHA composite. The effect of FsHA loading on the mechanical properties of HDPE/FsHA composites were investigated.
Materials and Methods
Fish scales hydroxyapatite (FsHA) was extracted from Tilapia fish scales were burnt in the furnace at temperature of 1200 o C for 4 hours in order to remove organic component and the ball milled used to grind samples into small powder. The polymer used as matrix was HDPE from Innovative Pultrusion Sdn Bhd. The samples were formulated with FsHA loading from 0 wt% (HDPE), 10 wt% (HDPE/HA10), 20 wt% (HDPE/HA20), 30 wt% (HDPE/HA30) and 40 wt% (HDPE/HA40). The composites was prepared using melt mixing technique in Brabender internal mixer at 140 o C and hot press (Technovation 40 tons) at 40 tons into thin sheet 150 x 150 mm x 3 mm in stainless steel mould.
The presence of FsHA in HDPE/FsHA composites was confirmed by using Fourier transform infrared spectroscopy (FTIR), model Nicolet 6700. The tensile specimens were prepared according to ASTM 638 and Type 4. Universal testing machine (UTM) model INSTRON series 3366 with load cell of 10 kN was used to determine the Young's modulus. Charpy impact tester, model: GUNT WP400 was used to measure the impact properties of the composite samples. The samples were prepared following ISO 179 standard with single V-notch. Scanning electron microscope (SEM), model Hitachi SI 8020 UHR analysis was used is to examine the fracture surface of the composite. The specimens of HDPE matrix and 40 wt % of FsHA filler from impact test specimen were selected for the SEM analysis.
Results and Discussion
Fourier Transform Infrared Spectroscopy (FTIR) Analysis. FTIR spectra of HDPE matrix resin and HDPE/HA40 composites are shown in Figure 1(a) and 1(b) respectively. From the results, there are several significant peaks which defines the characteristic absorption frequencies of HDPE matrix and FsHA as a filler. From Figure 1(a) , the prominent sharp peaks were observed at 2917 cm -1 and 2850 cm -1 which indicated the stretch vibration of C-H functional groups. Second significant peak was observed at 1469 cm -1 which corresponds to C-H bending vibration. The peak at 719 cm -1 band shows the C-H rocking vibration. The strong methylene band at bending vibration of 1469 cm -1 and weak band at 719 cm -1 is indicative of a long-chain linear aliphatic structure [6] . The HDPE/FsHA40 composite which is shown in Figure 1(b) indicates the FTIR peak is similar to HDPE matrix but it has extra peaks which corresponds to FsHA groups. These prominent peaks which are forming at 1090 cm -1 and 1042 cm -1 can be assigned to the vibrations phosphate groups (PO 4 3- ) from FsHA [7] . This inferred that after the processing, the chemical structure of FsHA remain the same in the composite. Figure 2 show the Young's modulus (E) of the HDPE/FsHA composites as a function of FsHA loading. The results show that the Young's modulus (E) value of composites increased linearly as the FsHA content increased. The results obtained were similar pattern to the finding by Bonfield et al., [1] . However the value of Young's modulus obtained from them was higher than the results in this study. This probably due to the higher modulus HDPE resin was used matrix in their composites. The impact properties of HDPE resin and HDPE/FsHA composites were shown in Figure 3 . It can be seen that as the FsHA loading increase, the impact properties was also increased. The maximum impact properties of HDPE/HA40 was found to be 10.7 x 10 3 J/cm 2 as compared to 2.7 x 10 3 J/cm 2 for HDPE resin. This result indicated that the composites become more brittle as the content of FsHA filler in HDPE matrix increased.
Mechanical properties.
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Conclusion
HDPE/FsHA composites were successfully prepared using internal mixing method. It is found that the Young's modulus and impact properties increased as a function of FsHA filler loading. The microscopic analysis indicates that the FsHA particles distribution well in the HDPE matric. Good interaction between matric and FsHA filler has made the composites has improved the mechanical properties as the filler loading increased.
